Introduction

Homeostatic maintenance of CD8
+ T cells requires the delivery and balance of cell proliferation, survival and apoptosisinducing signals. These signals are mainly derived from cytokines whose receptor complexes share a common IL-2 receptor c chain (c C ) (IL-2, 4, 7, 9, 15 and 21) and have similar downstream signaling pathways (1) . It is now well established that IL-7 is critical for T cell development and that along with IL-2, -4, -7 and -15 maintains naive and memory T cells (2) (3) (4) (5) (6) . There is some redundancy among the roles of IL-2 and IL-15 in stimulating T cell proliferation in vitro, yet in vivo, these cytokines are associated with the induction of cell death and survival of T cell clones, respectively (7) . Specifically, high concentrations of IL-2 are associated with increased activationinduced cell death of CD8 + T cells, while IL-4 inhibits the latter (8) . IL-15 has been well described to have an important role in the survival of naive and memory CD8 + T cells (9) (10) (11) . It is thought that the extent of cell death incurred following the contraction phase of a CD8 + T cell response is related in part to events determining the extent of cell division and this may influence memory T cell development (12) .
A typical CD8 + T cell response includes the activation of naive cells (T naive ), clonal expansion of effector cells followed by a contraction of effector cells and establishment of memory cells which include central memory (T CM ), effectormemory (T EM ) and CD45RA
+ effector-memory (T EMRA ) T cells (13) (14) (15) (16) . The expression of IL-7 receptor a (CD127) is found primarily on naive and memory T cells (17, 18) while CD127 expression is down-regulated in most effector cells (3) . The proportion of CD8 + T cell subsets expressing CD127 in healthy individuals is as follows: naive > T EM and T CM > effector. Functionally, it has been shown that CD8 + CD127 À T cells produced IFN-c and tumor necrosis factor-a but not IL-2 and were more spontaneously apoptotic and more prone to activation-induced apoptosis and proliferated somewhat less than CD127 + T cells (19, 20) . Therefore, CD127 expression may be a determinant of CD8 + T cell survival (17) and certain cytokines may have a role in determining CD8
+ T cell fate and function.
The expression of CD127 on CD8 + T cells is of particular relevance to anti-viral responses as a down-regulation of CD127 expression has been observed in infections with latent viruses such as epstein-barr virus (EBV) and cytomegalovirus (CMV) as well as in chronic viral infections such as HIV and HCV (21) (22) (23) (24) . In chronic viral infections, this has been correlated with CD8
+ T cell exhaustion in the context of persistent exposure to antigen. We and others have demonstrated that significantly fewer CD8
+ T cells express CD127 in HIV-infected patients with uncontrolled plasma viremia compared with healthy individuals (22, 23, 25, 26) . In a recent report, HIV-infected patients had an increased expansion of effector-like CD8 + T cells lacking CD127 which correlated with markers of disease progression such as plasma viremia and CD4 + T cell depletion, supporting reports in inbred laboratory rodents that CD127 is an important marker of functionally distinct CD8 + T cell subsets (19) . The impact of altered CD127 expression and immune system dysfunction in chronic viral infections is not known nor is how this explains the maintenance of CD8 + T cell homeostasis in healthy individuals.
Differences in the cytokine responsiveness of naive, effector and memory CD8 + T cell subsets have been described elsewhere, although not in the context of CD127 expression (3, 10, 13, 27, 28) . Evidence suggests that the expression of CD127 is associated with different cell phenotypes and differentiation pathways of CD8 + T cell responses during which significant cell proliferation and cell death occur. Furthermore, the proportion of cells expressing CD127 has been correlated with disease status (22, 23, 25, 26) . We hypothesized that the expression of CD127 is associated with CD8 + T cell survival. Therefore, we investigated the survival features of isolated CD8 + CD127 + and CD8 + CD127 À T cells and the influence of c C cytokines.
Materials and methods
Isolation of CD8
+ CD127 + and CD8 + CD127 À T cells from human peripheral blood All research conducted using blood from human subjects were approved by the Ottawa Hospital Research Ethics Board. Blood was collected from healthy volunteers into heparin-containing tubes and PBMC were isolated by FicollHypaque density gradient centrifugation. Briefly, CD8 + T cells were isolated using the human CD8 + T cell isolation kit II following the manufacturer's instructions (Miltenyi Biotec, Auburn, CA, USA) along with the autoMACS cell sorter's 'deplete' protocol to remove non-CD8 + T cells (Miltenyi Biotec + T cell subsets (29) . Expression of c C cytokine receptors was assessed using FITC-conjugated anti-IL-2Ra (Beckman Coulter) and anti-IL-2Rb (R&D Systems), PE-conjugated IL-2Rc (BD Pharmingen, San Diego, CA, USA), biotinylated IL-4Ra and anti-IL-15Ra (R&D Systems) and streptavidin R-PE conjugate (Sigma-Aldrich).
CFSE labeling and culture conditions for cell cycling experiments
Following isolation, cells were labeled with CFSE (CellTrace TM CFSE Cell Proliferation Kit) using a method modified from the manufacturer's specifications (Invitrogen Canada Inc., Burlington, Ontario, Canada). A stock solution (5 mM) of CFSE was prepared in dimethyl sulfoxide followed by the preparation of a working solution (8 lM) of Carboxyfluorescein succinimdyl ester (CFSE) in PBS + 0.1% BSA. Cells were re-suspended in CFSE working solution (1 3 10 7 cells ml À1 ) and incubated at 37°C, in the dark for 10 min. Cell were incubated with 15 volumes of cold complete RPMI on ice, in the dark for 5 min and then washed and resuspended in complete RPMI (1 3 10 6 cells ml
À1
). Cells were cultured with medium only, PHA (2.5 lg ml
, SigmaAldrich), IL-2 (1, 10, 100 units ml À1 ), IL-4 or IL-15 (1, 10, 100 ng ml À1 ) (R&D Biosystems, Minneapolis, MN, USA). The concentration of PHA used was the lowest tested concentration (i.e. submaximal dose) that induced at least two rounds of cell division among activated cells. Cells were cultured for 4 days and then cell division was assessed by flow cytometry.
Quantitative flow cytometry analysis of cell cycling
Following 4 days of cell culture, CFSE-labeled cells were labeled with mouse anti-human CD45RA-ECD and mouse antihuman CD8-PC5 and analyzed by flow cytometry (Beckman Coulter ALTRA flow cytometer and the EXPO version 2.0 software package). Color compensation was conducted in accordance with the fluorescence-minus-one strategy using single-and double-stained samples. A total of 15 000 events were collected for each sample ensuring the inclusion of a sufficient number (1000-3000) of stimulated T cells for analysis. The gating strategy involved the examination of cell division among stimulated T cells identified on the basis of increased forward and side scatter profiles, a known feature of dividing 
CD127
+ and CD8 + CD127 À T cells was assessed flow cytometry using mouse-anti-human Fas-FITC mAb (BD Biosciences).
Analysis of apoptosis
Three flow cytometry-based methods were used to assess apoptosis: Annexin V-phosphatidylinositol (PI) staining and analysis of caspase-3 and caspase-8 activity. Isolated CD8 +
CD127
+ and CD8 + CD127 À T cells were pre-incubated for 48 h with medium, IL-2 (100 units ml À1 ) or IL-15 (100 ng ml À1 ) then incubated with anti-human CD95 or anti-human CD3 as described above. Isotype controls were used to confirm Fas-and CD3-specific apoptosis. The Annexin V-PI staining was performed using the Annexin V-FITC Apoptosis Detection Kit I, according to the manufacturer's instructions (BD Pharmingen). Apoptotic cells (Annexin-V + PI À ) were distinguished from dead cells (Annexin-V + PI + ) and data are represented as the % of Annexin-
, gating on all cells. Caspases-3 and -8 activity was determined using Carboxyfluorescein Caspase Detections Kits following the manufacturer's instructions (Biocarta, San Diego, CA, USA). These kits detect active caspases in living cells using a carboxyfluorescein (FAM)-labeled peptide fluoromethyl ketone (FMK) caspase inhibitor that irreversibly binds to active caspases (FAM-DEVD-FMK for caspase-3 and FAM-LETD-FMK for caspase-8). Given the observed individual variation in the mean fluorescence intensity of when measuring intracellular caspase staining, data were collected and the relative caspase activity was calculated by dividing % of caspase positive cells in response to apoptotic stimuli with or without cytokine pre-treatment by its appropriate control. In all assays of apoptosis, a sample of cells was incubated with camptothecin (10 lM) (Sigma-Aldrich) as a positive control.
Cytokine signaling
The phosphorylation of STAT5 (pSTAT5) in CD8 + T cells was analyzed by flow cytometry (Alexa Fluor 488 mouse antihuman STAT5 pY694, BD Biosciences, San Jose, CA, USA) following 15 min of culture. Phosphorylated Akt and FOXO3a in cell lysates were assessed by western blot after 2 h of culture. As a loading control, the expression of beta-actin was detected using a mouse anti-human mAb (Cell Signaling Technology, Danvers, MA, USA). Cell pellets were collected by centrifugation and lysed by incubating in lysis buffer (40 ll per 10 7 ) for 1 h. Lysates were then centrifuged for 20 min at 14 000 r.p.m., 4°C and supernatants were collected and stored at À20°C. Lysate concentrations were quantified using a BCA Protein Assay Kit (Pierce Biotechnologies, Rockford, IL, USA). A total of 5 lg of protein was resolved by SDS-PAGE and blotted onto polyvinylidene fluoride membrane. Membranes were blocked overnight in 5% skim milk in Tris-buffered saline, probed with a rabbit anti-human pAkt ser or anti-humanantibody followed by a anti-rabbit-IgG HRP antibody (Cell Signaling Technology, Boston, MA, USA). Proteins were detected by ECL (Pierce Biotechnologies). Densitometry analysis of protein bands was performed using AlphaEase Fc Software 6.0 (Alpha Innotech Corp., San Leandro, CA, USA) and relative changes in protein expression of treated cells were calculated compared with unstimulated controls.
Statistical analysis
Statistical analysis was performed using the Student's t-test for paired samples (GraphPad Prism 4.0 Software, San Diego, CA, USA). Following flow cytometry analysis, electronic sample files were further analyzed using the FCS Express 2.0 software (De Novo Software, Thornhill, Ontario, Canada). Flow cytometry figures were generated by FCS Express 2.0 software. Data calculations were performed using Microsoft Excel and were subsequently plotted using GraphPad Prism 4.0 software.
Results
Proliferation of CD8
+ CD127 + and CD8 + CD127 À T cells differ in response to c C cytokines It has been well described that IL-2, -4 and -15 promote the survival and proliferation of CD8 + T cells (7, 10, 11, 13, 34) . Therefore, we studied the effects of IL-2, IL-4 and IL-15 on cell division of mitogen-stimulated, CFSE-labeled, CD8
À T cells using a flow cytometry strategy Division and apoptosis of CD8 + CD127 +/À T cells 31 described in Methods and Fig. 1 . No appreciable difference in the expression of c C cytokine receptors was observed in either of these populations ( + T cell cultures that underwent up to two cell divisions compared with unstimulated controls (P = 0.007, Fig. 3A ). The addition of IL-4 or IL-15 with PHA did not alter this significantly (Fig. 3A) . All tested concentrations of IL-2 significantly increased cell division and the proportion of CFSE lo cells (P = 0.001). These results indicate that IL-2, but not IL-4 and IL-15, enhances the proliferation of primed
À T cells significantly increased in response to PHA compared with unstimulated controls (Fig. 3B) (Fig. 3C ). All concentrations of IL-15 (1, 10 and 100 ng ml À1 ) tested significantly increased the proportion of CFSE lo cells (P = 0.031, 0.036 and 0.052, respectively, compared with PHA alone). 
T cells (T E / T EM ). Incubation of CD8
+ CD127 À CD45RA À T cells with PHA significantly increased the proportion of CFSE lo cells (Fig.  3D ). Low concentrations of IL-4 (1 and 10 ng ml À1 ) tended to increase the proportion of CFSE lo cells, although this did not reach statistical significance (P = 0.061 and 0.058, respectively); however, 100 ng ml À1 of IL-4 increased the proportion of CFSE lo cells (P = 0.035) compared with PHA alone. This appears to be in contrast to the lack of IL-4-induced proliferation in bulk CD8 + CD127 À T cells (Fig. 2) . This is likely due to the fact that CD8 
CD45RA
À T cells undergoing multiple cell divisions. Analyses of these data for all dividing cells (i.e. not just those that have divided three or more times) yielded similar results (data not shown).
Susceptibility to apoptosis
Human CD8
+ CD127 + T cells are known to undergo less spontaneous apoptosis than CD8 + CD127 À T cells (19) ; however, the role of c C cytokines in regulating cell death (an important function of these cytokines) in these subsets has not been described. It should be noted that there were consistently more (>2-fold) Annexin-V + PI + cells (apoptotic or necrotic cells) in the CD8 + CD127 À T cells compared with the CD8 + CD127 + T cells at the initiation of culture and this was consistent following 4 days of culture ( Fig. 4A and B) . In addition, a greater proportion of CD8 + CD127 À T cells were spontaneously apoptotic (Annexin + PI À ) compared with CD8 + CD127 + T cells (P = 0.010, Fig. 4C and D) as expected. The cytokines tested included IL-2 and IL-15 due to their common and distinct roles in T cell survival (10). The results are described below in detail and are summarized in Figs 4 and 5 and Table 2 . (Fig. 5C ). Pre-treatment with IL-15 did not alter Annexin-V + PI À staining in response to anti-CD3 but it did decrease caspase-3 and caspase-8 activity (P = 0.010 and 0.048, Figs 4E and 5C ). The effects of IL-15 on anti-Fas-induced apoptosis were inconsistent: + CD127 + T cells, pre-treatment of CD8 + CD127 À T cells with IL-2 decreased Annexin-V + PI À staining induced by anti-CD3 but increased the effect of anti-CD3 or anti-Fas on caspase-3 activity (P = 0.050, Fig. 5D ). Pre-treatment with IL-15 decreased caspase-8 activity of both anti-CD3-and anti-Fas-stimulated CD8 + CD127 À T cells, but increased anti-Fas-induced Annexin-V + PI À staining and had no effect on caspase-3 activity ( Figs 4F and 5D ). IL-15 decreased caspase-8 activity in anti-CD3-stimulated cells but had no effect on Annexin-V + /PI À staining or caspase-3 activity. Therefore, pre-treatment of CD8 + CD127 À T cells with either IL-2 or IL-15 did not consistently decrease anti-Fas-or anti-CD3-induced apoptosis, and in some cases, cytokine pre-treatment resulted in an increase in apoptosis-related signals.
Analysis of the data for 'dead or dying' cells (i.e. Annexin-V + or PI + cells per all cells) yielded similar results. Therefore, exclusion of dead (PI + ) cells from the analysis did not significantly bias the results.
Expression of Bcl-2 and phospo-STAT5
Cell death signals are counterbalanced by survival signals provided to a cell. Since the anti-apoptotic molecule Bcl-2 has an important role in reducing a cell's susceptibility to apoptosis (35) , the expression of Bcl-2 in isolated CD8 + CD127 + and CD8 + CD127 À T cells was investigated. In these experiments, IL-2 was included due to its dual role in cell proliferation and activation-induced cell death and IL-15 was used as it has primarily been associated with cell survival. There was no statistically significant difference in the amount of (Fig. 6A ) which concurs with previous findings (36) . Disparate production of Bcl-2 between these subsets has been reported in the context of antigen or IL-7 stimulation or specific diseases (21, 36, 37) . Incubation of CD8 + CD127 + T cells with IL-2 or IL-15 significantly increased Bcl-2 expression by 2.8-fold (P < 0.001) and 3.9-fold (P < 0.001), respectively, compared with medium controls. An increase in Bcl-2 expression in CD8 +
CD127
À T cells incubated with IL-2 or IL-15 was also observed though was somewhat lower (increases of 2.2-and 3.2-fold, respectively; P < 0.0001). The amount of Bcl-2 produced in CD8 + CD127 + T cells in response to IL-2 or IL-15 was significantly greater than in CD8 + CD127 À T cells (P = 0.002 and 0.012, respectively). Thus, although these two subsets do not significantly differ in their basal level of 
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Bcl-2 expression, CD8 + CD127 + T cells are more responsive to IL-2 or IL-15 than CD8 + CD127 À T cells in this regard. The expression of Bcl-2 by several c C cytokines is increased in part by signaling pathways that phosphorylate STAT proteins (38) . The intracellular expression of phosphorylated-STAT5, a signaling molecule induced by IL-2 and IL-15, was assessed by flow cytometry. Culturing CD8 + CD127 + T cells with IL-2 (100 units ml
À1
) or IL-15 (100 ng ml
) induced more phospho-STAT5 than CD8 + CD127 À T cells (Fig. 6B ). This may explain in part the discrepancies in the magnitude 
NC, no change;[ = significantly increases apoptosis (P < 0.05); Y = significantly decreases apoptosis (P < 0.05).
a Statistical significance was determined by the Student's t-test (P < 0.05). Responses to cytokine, anti-CD3 or anti-Fas alone were compared with medium controls while responses involving cytokine pre-treatment followed by anti-Fas or anti-CD3 were compared with anti-Fas or anti-CD3 alone.
36 Division and apoptosis of CD8 + CD127 +/À T cells of Bcl-2 expression by the two cell subsets in response to IL-2 or IL-15.
Expression of Fas, phospho-FOXO3a and phospho-Akt
One of the most common pathways used by cytotoxic effector T cells is initiated by Fas signaling (39, 40) . To determine if CD8 + CD127 + and CD8 + CD127 À T cell subsets differ in their potential susceptibility to receptor-mediated apoptosis, the expression of the Fas receptor was analyzed. Isolated CD8 + CD127 À T cells expressed significantly more Fas than CD8 + CD127 + T cells (P = 0.0003, Fig. 7 ) and concurs with recent findings that suggest a similar dichotomy of Fas expression among T cell subset in the context of CD127 expression (41) . These results suggest that cytotoxic effector CD8 + T cells, which are typically CD127 À , express more Fas than non-cytotoxic CD8 + T cells. However, in these experiments, subset differences in susceptibility to anti-Fas-induced apoptosis were inconsistent as the observed anti-Fas effects were relatively weak and variable in isolated CD8 + CD127 Table 2 ). Baseline anti-apoptotic phospho-FOXO3a expression was assessed by western blot. Isolated CD8 + CD127 + T cells expressed more phospho-FOXO3a compared with CD8 +
CD127
À T cells (Fig. 7B) . This compliments the observed increase in spontaneous apoptosis in CD8 + CD127 À T cells (Fig. 4B) . Differences in cytokine-induced proliferation may be due to altered activation of phospho-Akt, a mitogenactivated protein kinase pathway molecule common to c C cytokines and important for T cell proliferation (42) . The IL-2, IL-4 and IL-15 cytokines induced a higher level of phosphorylated Akt in CD8 + CD127 + T cells than in CD8 + CD127 À T cells (Fig. 7C ). This may explain observed proliferation patterns to cytokines such as the increase in IL-4-and IL-15-induced proliferation of CD8 + CD127 + T cells compared with CD8 + CD127 À T cells (Fig. 2) .
Discussion
The present study is the first to directly compare the cell division and susceptibility to apoptosis of human CD8
À T cells in response to c C cytokines. It has been hypothesized that regaining or maintaining the expression of CD127 and increased Bcl-2 expression through the effector stage may result in the generation of long-lived memory cells while lack of CD127 predicts cell death (43, 44) . This has also been associated with IL-7-and IL-15-dependent production of long-term memory CD8 + T cells (45) . A recent report has shown that when cultured with IL-7, naive CD8 + T cells enter the cell cycle with delayed kinetics compared with memory cells (46) . Despite this delay, continuous IL-7 stimulation caused a significantly greater number of naive cells to divide for a longer period of time than memory CD8 + T cells that tended to exit the cell cycle 
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+ CD127 +/À T cells 37 earlier (46). We and others have shown that IL-7 downregulates CD127 expression on CD8 + T cells in both mice (47) and humans (25, 46, (48) (49) (50) , and this may impede the delivery of signals for cell survival and memory cell development. However, a recent report has shown that CD127 expression is insufficient to reduce cell death in the contraction phase, and that CD127 expression does not necessarily preclude susceptibility to apoptosis (51) . This supports the notion that c C cytokines other than IL-7 may determine the fate of effector cells.
Isolated CD8 + CD127 À T cells from healthy individuals were recently shown to be more susceptible to apoptosis than CD8 + CD127 + T cells, as reported herein (Figs 4 and 5; Table 2 ), and this difference was enhanced in HIV-infected individuals (19) . The mechanisms responsible for these observed differences in apoptosis in CD8 + T cells are unclear. We have reported for the first time that CD8 + CD127 À T cells express significantly more Fas than CD8 + CD127 + T cells (Fig. 7A ) which may explain this finding. However, in the present experiments, there was no difference between the susceptibility of CD8 + CD127 + T cells versus CD8 + CD127
À T cells to Fas-induced apoptosis, questioning the significance of differential Fas expression in these subsets. We demonstrated that CD8 + CD127 À T cells are more prone to spontaneous apoptosis than CD8 + CD127 + T cells (Fig. 4 ). This may be explained by CD8 + CD127 À T cells' lower expression of anti-apoptotic molecule FOXO3a (Fig. 7B) , a molecule associated with promoting memory T cell longevity (52) and resistance to apoptosis in HIV + elite controllers (53) . The greater amount of Bcl-2 in CD8 + CD127 + T cells and the incremental cytokine-increased Bcl-2 expression suggests that this subset would be less prone to apoptosis than CD8 + CD127 À T cells (Fig. 6A) . Increased cytokine-induced phosphorylation of STAT5 in CD8 + CD127 + T cells may be a mechanism underlying the subset differences in Bcl-2 expression (Fig. 6B ) as STAT5 phosphorylation has been shown to increase Bcl-2 transcription (38). However, not all forms of apoptotic stimuli are inhibited by Bcl-2, which acts primarily on mitochondrial-associated apoptosis and does not inhibit Fas-mediated apoptosis (54) .
In the present report, IL-2 and IL-15 signaling seemed to decrease the effects of anti-Fas/anti-CD3-induced apoptosis in CD8 + CD127 + T cells while CD8 + CD127 À T cells were less responsive to the anti-apoptotic effects of these cytokines (Table 2) . Although IL-2 and IL-15 employ the same b and c receptors (55), they have distinct roles in inhibiting and promoting CD8
+ T cell survival, respectively (13, 56) . IL-15 is largely known for its proliferative and anti-apoptotic effects. We observed that pre-incubation with IL-15 decreased caspase-8 activity in CD8 + CD127 + and CD8 + CD127 À T cells in response to anti-Fas but increased Annexin-V + PI À staining and caspase-3 activity (Table 2) . A previous report showed that IL-15-stimulated lymphocytes are rendered more susceptible to apoptosis compared with lymphocytes stimulated with IL-2 (57) and this is confirmed here in CD127 + T cells treated with IL-15 only (Fig. 5A ). In addition, IL-15-induced proliferation did not result in a proportional decrease in the total number of apoptotic cells, particularly with high concentrations of cytokine (57) as used here. Similarly, the induction of caspase activity by IL-2 in CD8 + CD127 À T cells may be in part due to IL-2's reportedly potent ability to both induce proliferation while increasing susceptibility to apoptosis and suggests that this cell subset is more susceptible to apoptosis than CD8 + CD127 + T cells (11 (19) . Specifically, the pattern of CD127 and CD45RA expression has been associated with distinct CD8 + T cell subsets (58) . Therefore, for the evaluation of c C cytokine-induced cell division, these markers were used here to distinguish between T naive , T E/EM , T EMRA and T CM CD8
+ T cells, all of which are known to have both redundant and unique cytokine requirements for proliferation (13) . For the purpose of discussion, cell subsets are referred to according to cell surface markers based on T cell phenotypes published previously (14) (15) (16) T cells decreased the intensity of CD45RA expression while still remaining CD45RA + and this was associated with increased cell division (data not shown). This would not appreciably affect the analysis of cell subsets using the above strategy. It is also acknowledged that the CD8 + CD127 + T cell subset is a heterogenous population of naive and T CM cells, the latter of which may respond more rapidly to proliferative signals and subsequently produce cytokines that could affect the naive T cells.
Interestingly, cell division responses to IL-2, IL-4 or IL-15 preferentially enhance the cell division of the two effector 
CD45RA
À ) while neither IL-2 nor IL-15 had any significant effects (Fig. 3) . In contrast, both IL-2 and IL-15 increased the proportion of CFSE lo T EMRA cells while IL-4 had no significant effect. These results cannot be explained by cytokine receptor expression since the expression of IL-2Rb, IL-2Rc, IL-4Ra and IL-15Ra is similar in CD8 +
CD127
+ and CD8 + CD127 À T cells (Table 1) . It is possible that proliferation differences are due in part to CD8 +
À T cells' increased magnitude of cytokine-induced phosphorylation of Akt (Fig. 7C) , suggesting inherent subsets differences in signaling pathways associated with proliferation (38, 42) . The present data indicate some significant dose responses to cytokine treatment; however, it appears that despite the titrations used here, there was not always a consistent dose-dependent proliferation response. This is not the first occasion in which a cytokine dose response could not be titrated. For example, STAT5 signaling in CD8 + T cells, common to many c C cytokines, appears to require a threshold of cytokine to induce detectable signal and increasing signaling strength is indistinguishable when higher concentrations of cytokines are used (A. M. Crawley, S. Faucher, J. B. Angel, unpublished results).
Based on currently accepted models of CD8 + T cell activation and differentiation and the present findings, we propose a revised model regarding the survival and susceptibility to apoptosis of CD8 + CD127 + and CD8 + CD127 À T cell subsets (Fig. 8) . Activated CD8 + T naive cells respond to IL-2 signaling and will differentiate into effector cells which then clonally expand in response to IL-2 or IL-4. The factors regulating the survival of developing memory cells from effector cells following the contraction phase are not known. Lastly, IL-2, IL-4 or IL-15 can enhance the expansion of activated CD8
+ T CM cells and resistance of these cells to apoptosis is augmented by IL-2 or IL-15.
Collectively, these data indicate that CD8 + CD127 + T cells are more consistently responsive to the anti-apoptotic effects of IL-2 and IL-15 than CD8 + CD127 À T cells. In addition, the cell division kinetics of cells expressing or lacking CD127 differ in response to IL-2, IL-4 or IL-15. The frequency of cell division may relate to different functional characteristics of CD8 + T cells, although this has not yet been described. These results are of particular relevance for diseases in which the expression of CD127 is altered. The expression of CD127 is down-regulated in several viral infections, and in HIV infection this parallels disease progression (22) (23) (24) 26) . In breast cancer patients, down-regulation of CD127 expression on CD8 + T cells is associated with decreased expression of STAT5, a signaling molecule shared by other c C cytokines (59) . Mechanisms responsible for the homeostatic maintenance and proliferation of T cells within a full T cell compartment are now known to differ from T cell restoration in response to acute T-lymphopenia as seen in progressive HIV infection where responsiveness to survival cytokines such as IL-7 is compromised (60, 61) . This may be explained in part by different T cell responses to cytokine survival and proliferation signals (27) and as described here, with the differential effects of IL-2, -4 and -15 on CD8 + T cell subset survival features. Understanding cell survival and differentiation signals is of the utmost importance for the design of therapies meant to improve CD8 + T cell responses, including therapeutics that consist of exogenous cytokines.
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